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Climate change due to global warming increase water sea levels. Increasing the frequency of rising 
sea levels to the mainland can cause salinity problems for agricultural land in coastal areas. It will 
affect on plant productivity. Planting varieties of crops tolerant to salinity is one of the solutions to 
overcome this problem. Application of indigenous Plant Growth Promoting Rhizobacteria (PGPR) 
are expected to further increase the tolerancy of crops to salinity. This study was conducted to select 
a number of rhizobacteria isolates from rice field which were tolerant to saline conditions and 
capable of producing phytohormonesauxin (IAA). A total of 48 rhizobacteria isolates from coastal 
rice field of Patimban (Ptb) and Eretan (Er), West Java have been analyzed. Among 48 isolates, 12 
selected isolates produced IAA>30 ppm. Isolate Er B1.3 and Er B1.7a have ability to grow on 
minimal salt medium content with 15% NaCl. Both isolates is still capable of producing IAA with 
consecutive concentrations at 1,55 ppm and 3,1 ppm on minimal medium salt content with 10% 
NaCl. IaaM gene identification results prove that isolates Er B1.3 and Er B1.7a producing IAA 
through the IAM pathway. Based on 16S rRNA sequencing results known isolates Er B1.3 and Er 
B1.7a are closely related to Brevibacterium sp. and Aeromonas sp., respectively. 
 




Climate change due to global warming is the major challenges in the third 
millennium. This phenomenon can increase the intensity of extreme weather, the change 
in rainfall patterns, and the rising of sea levels. Increasing the frequency of rising sea 
levels to the mainland can cause salinity problems for agricultural land in coastal areas. 
The northern coast of Java Island currently serves as one of the national rice 
producer. Rice produced in the region is predicted to reach 12 million tons of the total 
national production of 70.8 million tonnes, contributing approximately 16.9% of the 
national production [4]. The high productivity of rice in the region is supported by the 
counties and cities in the coastal region that acts as a center of rice production such as 
Indramayu, Subang, Cirebon, as well as several other districts in the north coast of Java 
Island. Increased salinity of coastal agricultural land will certainly have a serious impact 
on the productivity of the district and the city acts as the center of rice production. 
The increase in soil salinity would be very harmful to plants. The existence of NaCl 
content in the soil will increase the concentration of ethylene in the roots, disrupting the 
balance of ions, and cause hyper-osmotic conditions in plants [10,12]. Planting varieties 
of crops tolerant to salinity is one of the solution to overcome this problem. Application 
of Plant Growth Promoting Rhizobacteria (PGPR) indigenous from those area is 
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expected to further increase the tolerancy of crops to salinity. IAA plays an important 
role in inducing tolerance to salinity in plants [3,2]. 
This study was conducted to select a number of rhizobakteria isolates from 
rhizosphere of rice field were tolerant to saline conditions and capable of producing 
phytohormonesauxin (IAA). These isolates is expected to contribute to agriculture in 
coastal area in order to anticipate the impact of rising sea levels due to climate change. 
2. Methods 
2.1. Quantitative Analysis of IAA Production 
All isolates were grown in NB M-26 medium that consist of (5 g NaCl, 10 g 
peptone, 10 g beef extract), then incubated on an orbital shaker at a speed of 150 rpm at 
room temperature for 24 hours. A total of 100 mL of bacterial cultures were then 
pipetted and transferred to the salt minimal media (1.36 g KH2PO4, 2.13 g Na2HPO4, 
0.2 g MgSO4 • 7H2O and 10 ml of trace element solution; The solution trace element 
made of 700 mg CaCl2 • 2H2O, 300 mg FeSO4 • 7H20, 20 mg MnSO4 • H20, 40 mg 
CuSO4 • 5H2O, 20 mg ZnSO4 • 7H2O, 3 mg H3BO3, 7 mg CoCl2 • 6H2O, 4 mg 
Na2MoO4 • H2O and 1 ml H2SO4 dissolved in distilled water until a final volume of 
exactly one liter) then incubated on an orbital shaker at 120 rpm for 48 hours. 
respectively. Media minimal salt that has been put in a small glass bottle and then 
sterilized by autoclaving at 121
o
C for 15 minutes. Once cool, minimal salt medium is 
added 1 ml solution of L-Tryptophan in each glass bottle. After a 48 hour incubation 
process, the bacterial culture in minimal salt medium was taken as much as 3 ml to be 
included in a sterile Eppendorf tube and centrifuged at 8000 rpm with a temperature of 
4 °C for 10 minutes. Supernatant from the centrifugation is separated from pelletnya. 2 
ml of the supernatant was pipetted into a test tube and then added the reagent Salper and 
shaken by vortex and incubated at room temperature for 25 minutes. Salper reagent is 
prepared by dissolving 0.5 M FeCl3 with 50 ml of 35% perchloric acid. After the 
incubation process is complete, the mixture is read the value of absorbance at 530 nm 
wavelength [7,8]. Absorbance values are read and then substituted into the standard 
curve so that the concentration of IAA can be known. 
2.2. Bacterial tolerance to Salinity Test. 
Minimal salt medium salt is added NaCl with various concentrations of 0%, 10%, 
and 15% and then sterilized. A total of 100 ml of L-tryptophan was added to the sterile 
minimal salt medium. Each isolate among 48 isolates was carried out the Salinity 
Tolerance Test. Each isolate is grown in NB M-26 medium and then incubated on an 
orbital shaker at a speed of 150 rpm at room temperature for 24 hours. A total of 5 mL 
bacterial cultures were then taken and dripped onto minimal medium salt concentration 
of 0%, 10%, and 15% were then incubated at room temperature. 
2.3. Identification of IaaM Genes.  
DNA Isolation of bacterial isolates is carried out by using Wizard DNA Genome 
Purification Kit (Promega) [11]. IaaM gene was amplified using specific primers, 
TMOf (5' TATCTCGAGCCGTTAAAAGGTGCTGTTTCA '3) and TMOr (5' 
ATATCTAGATAGCGATAGGAGGCGTTGAT '3). The final volume is used for PCR 
is 25 mL. The composition of the PCR reaction used include 12.5 mL Go taq DNA 
polymerase, 1μl of reverse primer, 1μl forward primer, 8.5 mL ddH2O and 2 μl DNA. 
Amplification process performed with denaturation temperature of 94 ° C for 5 minutes; 
annealing temperature of 94 ° C for 30 seconds, 50 ° C for 30 seconds, 72 ° C for 1 
minute; annealing step performed 10 cycles. Phase extension carried out at 94 ° C for 30 
seconds, 55 ° C for 30 seconds, 72 ° C for 1 minute; The extension phase is done as 
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many as 30 cycles. Extension phase ends at 72
o
C for 7 min, 40 ° C for 5 minutes, and 
16oC for 10 minutes. DNA amplification product was visualized using a 1% agarose gel 
electrophoresis. Invisibility of DNA bands size of ± 100 bp indicates IaaM genes on the 
bacterial isolates. 
3. Result and Discussion 
Result 
3.1. Quantitative Analysis of IAA Production 
Based on IAA production assay of 48 isolates rhizosphere bacterial isolates, 12 
isolates have ability to produce IAA more than 30 ppm, namely Er B2.8 , Er B1.7a, Er 
B1.9, Er B1.3, Ptb B3.8, Er B3.12, Er B2.10, Ptb B2.3, Er B3.10, Er B2.13, Er B2.12, 
dan Ptb B3.10 
Table 1 Production of IAA from 48 bacterial isolates from rice paddy fields of 
coastal areas of West Java  
Sample code IAA concentration  Sample code IAA concentration 
1. Er B1.1 
2. Er B1.2 
3. Er B1.3* 
4. Er B1.4 
5. Er B1.5 
6. Er B1.6 
7. Er B1.7* 
8. Er B1.9* 
























































































*IAA production > 30 ppm 
3.2. Salinity Tolerance Test 
Based on saline tolerance assayin the Table 2, it appears that isolates EB1.7a, Er 
B1.3, Er B2.10, and Er B2.12 still able to grow on media supplemented with NaCl10%. 
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Table 2 Phenotype characteristics of rhizosphere isolates producing high 





Ability to grow on Minimal Salt medium* 
0% NaCl 10% NaCl 15% NaCl 20% NaCl 
1. Er B2.8 +++++ - - - 
2. Er B1.7a +++++ ++++ ++++ - 
3. Er B1.9 +++++ - - - 
4. Er B1.3 +++++ ++++ +++  
5. Ptb B3.8 +++++ - - - 
6. Er B3.12 +++++ - - - 
7. Er B2.10 +++++ +++ -  
8. Ptb B2.3 +++++ - - - 
9. Er B3.10 +++++ - - - 
10. Er B2.13 +++++ - - - 
11. Er B2.12 +++++ +++ - - 
12. Ptb B3.10 +++++ - - - 
*
 +++++: grow very well; ++++: grow well; +++: grow enough well-: not grow 
             
Fig.1. Bacterial isolates from rice rhizosphere were able to grow 
at a 10% NaCl concentration (. 7: Er B2.10; 11: Er B2.12) 
          
Fig.2. Bacterial isolates from rice rhizosphere were able to grow 
at a 15% NaCl concentration( 2: Er B1.7a; 4: Er B1.3) 
3.3. Analysis of IAA Production in Saline Media 
These analysis is required to determine the consistency of the ability of the isolates 
to produce IAA although in salinity stress. Based on the analysis (figure 3) no 
measurable IAA when both isolates were grown on media with a salt content of 15%. 
However, both of these isolates was still able to produce IAA when grown in media 
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with a salt content of 10% despite a significant reduction in the concentration of IAA. 
Er B1.7a isolates capable of generating IAA was 14% (11:55 ppm) whereas the 
concentration of IAA generated by Er B1.3 isolates only 6.3% (3.1 ppm) when 
compared to the concentration of IAA when these isolates were in the media without the 
stress of salinity. 
 
Fig. 3. IAA production of rice rhizosphere isolates r Er B1.7a and Er B1.3 on media 
supplemented with NaCl compared with controls without NaCl 
3.4. Identification of IaaM Genes 
Identification of IaaM genes is performed by PCR method using specific primers 
TMOf and TMOr. Amplification results by PCR (Figure 3) is a DNA band with a size 
of ~ 100 bp. 
 
Fig. 4.product PCR of IaaM gene with the size of ~ 100 bp 
Discussion 
3.5. Quantitative Analysis of IAA Production 
Based on quantitative analysis of IAA production among 48 bacterial rice 
rhizosphere isolates indicated that the production ranges between 2.32 + 0.14 ppm until 
109.34+ 0.99 ppm. A total of 12 isolates (25%) able to produce IAA mortethan 30 ppm. 
IAA analysis performed by the colorimetric method, based on the change in color when 
added to the reagent IAA Salper from yellow to pink after incubated for 25 minutes. 
IAA analysis by this method has an advantage, that is easy, fast, and can be done to 
analyze samples in large quantities. 
Phythohormone (IAA) produced byrhizosphere bacteria contribute to the complex 
interactions between rhizosphere bacterial, plants, and other microorganisms that are 
pathogenic to plants. IAA produced by rhizosphere bacteria will increase the length and 
root surface of plants so that the plants will get better access to nutrients available in the 
soil. Besides that the IAA will also loosen the cells in the walls of the root, so exudates 
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acts as a nutrient for bacteria rhizosphere will be more easily absorbed by bacteria in the 
rhizosphere located around the plant [6]. However, cells lining the roots of plants turned 
out to be a gap of plant defense against pathogenic microorganisms around the root 
area. Cell wall loosened roots will allow pathogens to infect plants. Some examples of 
pathogenic microorganisms that will produce the IAA in large quantities to infect plants 
include Agrobacterium tumefaciens and Psudomonassyringae [1]. 
Bacteria that produce phytohormones such as auxin, cytokinin, gibberellins, and 
abscisic acid has been reported to increase the tolerance of plants to drought. Several 
studies have identified the plant growth promoting capable of producing 1-
aminocyclopropane-1-carboxylate (ACC) deaminase and lower level ethylene plants as 
a method for drought tolerance. 
3.6. Salinity Tolerance Test 
Salinity test conducted on 12 bacterial isolates producing IAA with high 
concentrations to determine the extent of bacterial isolates were able to live in 
environments with salinity stress. Based on the salinity test conducted on 12 isolates of 
bacteria, only Er B1.7a and Er B1.3 are still capable of living even in the media with a 
salinity level of 15% (w / v). The ability to grow the bacterial isolates characterized by 
the formation of white colonies on the surface of the media. 
Bacterial isolates Er B1.7a and Er B1.3 were able to grow on media with a salinity 
of 15% can be classified into bacteria halotoleran. Halotoleran bacteria are a group of 
bacteria that can grow in media with coverageNaCl concentration (1-33%), as well as in 
media without NaCl content [9]. The bacteria with the ability to grow on the medium 
with a salt content of more than 15% (w / v), or about 2.5 M, including bacteria extreme 
halotoleran [13]. 
Bacteria halotoleran has a unique strategy for maintaining the stability of the 
osmotic pressure within the cell in order to avoid plasmolysis while in saline 
environments. Halotoleran bacteria will stabilize the osmotic pressure inside the cell by 
way of synthesizing or take organic compatible solute molecules from the environment. 
Compatible solute molecules include polyols (glycerol, sugar, and derivatives), amino 
acids and derivatives, as well as quarternary amines such as glycine betaine and ektoin 
[13]. 
The results of the analysis performed on the IAA production isolates Er B1.7a and 
Er B1.3 on media salt 10%, and 15% showed a decrease in the production IAA 
significantly on media salt 10%, even not produce IAA on media salt 15%. Decreasing 
IAA production is also reflected in rhizobakteria such as Pseudomonads aeruginosa, 
Pseudomonas. putida, Pseudomonas. cepacia, and Pseudomonas fluorescens when 
salinity is at 1.5% and continued to fall until unable to produce IAA at 3% salinity [5]. 
This may occur because the nutrients are absorbed from the media used by the bacterial 
cell with priorities to synthesize organic molecules compatible solute to maintain 
osmotic pressure within the cell so that no plasmolysis. The enzymes involved in the 
production of IAA also will certainly be reduced and even may not be produced by the 
bacteria. 
3.7. Identifikasi gen IaaM 
Synthesis of IAA by rhizosphere bacteria can occur through several different paths 
that is indole-3-piruvate (IpyA) pathway, indole-3-acetamide (IAM) pathway, 
tryptamine (TAM) pathway, indole-3-acetonitrile (IAN) pathway, and oxidation of 
tryptophan side chain (TSO) pathway [14]. In many cases, with certain strains of 
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bacteria can synthesize IAA through more than one type of pathway [17].The fifth type 
of pathway each requiring enzymes encoded by functionally genes for IAA production. 
One of the functional genes is IaaM gen that encode TMO (tryptophan monooxygenase) 
enzymes, that is a key enzyme in one path of the synthesis of IAA, especially in IAM 
pathway [14]. 
TMO enzyme catalyzes the conversion of tryptophan to indolacetamide (IAA-M) 
via the reaction of oxidative decarboxylation. Furthermore, IAA-M will be hydrolise to 
be IAA (auxin) and ammonia by IaaM-hydrolase enzyme encoded by the IaaH gene 
[14]. IaaM and IaaH genes have characterized from the symbiotic nitrogen-fixing 
bacteria such as Rhizobium and Brandyrhizobium and plant pathogenic bacteria such as 
Agrobacterium tumefaciens, P. savastanoi, and Pantoeaagglomerans[15]. 
Identification of the IaaM gene in Er B1.7a and Er B1.3 performed by PCR with 
specific primers TMOf and TMOr. PCR product obtained from measuring ~ 100 bp. 
Based on the visualization of PCR product from both isolates, it indicated the size of 
PCR product about~ 100 bp. These indicated that those have IaaM functional gene and 
those isolates can synthesize IAA through the IAM pathway. Synthesize IAA through 
the IAM pathway occurs in many plant pathogenic bacteria such as Agrobacteria 
tumefaciens, Psudomonassyringae, and E. herbicola. Symbiotic rhizobakteria with 
plants such as Rhizobium fredii and Brandyrhizobium japonicum also reportedly 
synthesize IAA through the IAM pathway [15,16]. 
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